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1
VALVE ASSEMBLY FOR CONTROLLING
FLUID COMMUNICATION BETWEEN
FLUID CHAMBERS, INFLATABLE DEVICE,
AND METHOD

TECHNICAL FIELD

The present disclosure relates generally to valve assem-
blies, and more particularly to a valve assembly with a
plurality of compound valves where a primary valve mem-
ber forms a valve seat and a secondary valve member
controls fluid communication through the seat in the primary
valve member, to control fluid communication between fluid
chambers.

BACKGROUND

Few areas of modern mechanical technology are more
extensive or diverse than valves. Poppet valves, spool
valves, electrically actuated valves, check valves and many
other permutations and combinations of these and other
valve types are used to control fluid communication between
and among fluid spaces. While the diversity of applications
in which valves and valve assemblies are used makes it
difficult to generalize to operational and manufacturing
concerns, there will always be premiums upon simplicity
and reliability of operation.

Certain consumer goods such as inflatable mattresses,
so-called “bounce houses,” and inflatable rafts, and many
other devices for home or industrial use employ fluid valves
for various purposes. Most individuals will be familiar with
the aggravation that can be caused by unreliable or difficult
to operate valves found in such devices. Many conventional
valves can also be either unreliable or expensive.

The present disclosure is directed to one or more of the
problems or shortcomings set forth above.

SUMMARY

In one aspect, a valve assembly for controlling fluid
communication between a first fluid chamber and a second
fluid chamber includes a valve body having formed therein
a first port and a second port for fluidly connecting to the first
and second fluid chambers, respectively, and defining a
plurality of primary valve seats positioned in series fluidly
between the first and second ports. A plurality of compound
valves are positioned within the valve body and each
includes a primary valve member movable between a closed
position blocking one of the primary valve seats, and an
open position, and a secondary valve member. Each of the
primary valve members defines a secondary valve seat, and
each of the secondary valve members is movable between a
closed position blocking the corresponding secondary valve
seat, and an open position.

In another aspect, a multi-chamber inflatable device
includes an inflatable body defining a first fluid chamber and
a second fluid chamber. A valve assembly is positioned at
least partially within the inflatable body, and includes a
valve body having formed therein a first port fluidly con-
nected to the first fluid chamber, and a second port fluidly
connected to the second fluid chamber. The valve body
defines a plurality of primary valve seats positioned in series
fluidly between the first and second ports. The valve assem-
bly further includes a plurality of compound valves posi-
tioned within the housing and each including a primary
valve member movable between a closed position blocking
one of the primary valve seats and an open position, and a
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secondary valve member. Each of the primary valve mem-
bers defines a secondary valve seat, and each of the second-
ary valve members is movable between a closed position
blocking one of the secondary valve seats, and an open
position.

In still another aspect, a method of controlling fluid
communication between a first fluid chamber and a second
fluid chamber includes flipping over a valve assembly
including a valve body having formed therein a first port and
a second port fluidly connected to the first and second fluid
chambers, respectively. The method further includes moving
aplurality of primary valves within the valve body to contact
a plurality of primary valve seats defined by the valve body
and positioned in fluid series between the first and second
ports, in response to flipping over the valve assembly. The
method still further includes moving a plurality of secondary
valves within the valve body to contact a plurality of
secondary valve seats each defined by one of the primary
valves, in response to flipping over the valve assembly, and
blocking fluid communication between the first fluid pas-
sage and the second fluid passage via the moving of the
primary and secondary valves.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of an inflatable device,
partially in cutaway, according to one embodiment;

FIG. 2 is a sectioned view taken along line 2-2 of FIG. 1;

FIG. 3 is a sectioned side diagrammatic view through a
valve assembly in a first state, according to one embodiment;

FIG. 4 is a disassembled view of a valve assembly,
according to one embodiment;

FIG. 5 is a sectioned side diagrammatic view of a valve
assembly in another state, according to one embodiment;

FIG. 6 is a sectioned side diagrammatic view of a valve
assembly in yet another state, according to one embodiment;
and

FIG. 7 is a sectioned side diagrammatic view of a valve
assembly in yet another state, according to one embodiment.

DETAILED DESCRIPTION

Referring to FIG. 1, there is shown a multi-chamber
inflatable device 10 according to one embodiment. Device
10 is shown in the form of an inflatable mattress or cushion
having an inflatable body 12 defining a first fluid chamber
14, a second fluid chamber 16, a third fluid chamber 18, and
a plurality of additional fluid chambers each forming a cell
within the inflatable mattress or cushion. In the illustrated
embodiment, inflatable body 12 includes an upper surface
26, a lower surface 28, and a plurality of sides or side
surfaces 30 and 32 each extending between upper and lower
surfaces 26 and 28. Fluid chambers 16, 18 and the other not
numbered fluid chambers comprising cells within inflatable
body 12 are all recessed slightly from sides 30 and 32, and
the opposite sides not visible in FIG. 1. Chamber 14 extends
all the way around the chambers forming the cells in the
cushion, such that chamber 14 can be placed selectively in
fluid communication with each of the other chambers in
inflatable body 12, in a manner further discussed herein.

Device 10 further includes an inflation valve 20 config-
ured to connect with a pump or the like, or be manually
operated or blown into, and defining an inflation port 22. A
cap 24 may be provided for selectively closing port 22 in a
manner that will generally be familiar to those skilled in the
art. While device 10 is shown in the context of a mattress or
the like, it should be appreciated that the present disclosure
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is not thereby limited, and a wide variety of other inflatable
devices are contemplated within the context of the present
disclosure. For instance, a multi-chamber inflatable raft,
fixed flotation platform, or any other buoyant and floatable
device could fall within the scope of the present disclosure.
It should further be appreciated that the teachings set forth
herein are not strictly limited to inflatable devices, and
certain applications outside of this context will be readily
apparent to those skilled in the art in view of the teachings
set forth herein.

Device 10 may further include a valve assembly 40
positioned at least partially within inflatable body 12, and in
a practical implementation strategy a plurality of valve
assemblies 40. Each of valve assemblies 40 controls fluid
communication between a first fluid chamber and a second
fluid chamber in device 10. In the illustrated embodiment,
each valve assembly 40 controls fluid communication
between one of the cells, chambers 14 and 18, and outer
chamber 16. Valve assemblies 40 also might control fluid
communication between the individual cells such as
between cells 14 and 18. Inflation valve 20 might also be or
include a valve assembly similar or identical in construction
to valve assemblies 40. Referring also now to FIG. 2, there
is shown a sectioned view taken along line 2-2 of FIG. 1 and
illustrating valve assembly 40 controlling fluid communica-
tion between chambers 14 and 16. FIG. 2 also illustrates an
exterior wall 34 of inflatable body 12, and a plurality of
interior walls 36. It can be seen from FIG. 2 that one of the
interior walls 36 forms a dividing wall between chambers 14
and 16, and valve assembly 40 is positioned in and through
interior wall 36. Also shown in FIG. 2 is a stiffening column
or the like 100, optionally part of the present design.

Valve assembly 40 includes a valve body 42 having
formed therein a first port 44 fluidly connected to first fluid
chamber 14, and a second port 46 fluidly connected to
second fluid chamber 16. Valve assembly 40 further includes
a plurality of compound valves 48 and 50 positioned within
valve body 42. The plurality of compound valves 48 and 50,
typically but not necessarily a total of two compound valves,
are operable to control fluid communication between ports
44 and 46 and thus chambers 14 and 16 in a unique manner
dependent upon an orientation of valve assembly 40. In a
practical implementation strategy, compound valves 48 and
50, and their constituent primary and secondary valves to be
described below, reciprocate within valve body 42 to per-
form this function. In a practical implementation strategy,
valve assembly 40 has an orientation within inflatable body
12 where the primary and secondary valves in each of
compound valves 49 and 50 are movable between closed
and open positions along common axes 48 and 51, respec-
tively, extending vertically between upper surface 26 and
lower surface 28.

The orientation of valve assembly 40 may be fixed within
inflatable body 12, such that flipping over device 10 adjusts
compound valves 48 and 50 between open and closed states.
It will thus be appreciated that a person can inflate device 10
in a first orientation, where all of the individual inflatable
cells or other fluid chambers will be in fluid communication
with at least one other fluid chamber by way of one of valve
assemblies 40. Device 10 can then be flipped over and the
fluid communications blocked. In this way, displacement of
fluid between and among individual fluid chambers in a
device can occur freely or relatively freely when the device
is in one configuration, but is limited when the device is in
a flipped over configuration. In the case of inflatable cush-
ions such as inflatable beds and the like fluidly isolating
individual inflatable cells once inflated is contemplated to
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substantially improve user comfort and device integrity over
conventional strategies where fluid communication is unre-
stricted throughout the device. Those skilled in the art will
also recognize that buoyant inflatable devices such as rafts
will benefit from such selective fluid isolation between and
among individual cells, particularly in the case of protection
from failure of the overall device should a leak occur. While
certainly inflatable devices are known where individual
inflatable cells are isolated from one another, the present
disclosure is contemplated to provide substantial advantages
with respect to ease of use and equipment simplicity and
reliability insofar as such known strategies are concerned.
Rather than manually or electronically operating valves or
seals, or relying upon one-way valves or the like, the present
disclosure allows the orientation of the valve assembly itself
to determine whether or not fluid communication between
fluid chambers is possible. In still other instances, the
teachings of the present disclosure might be applied to
devices and systems where, instead of flipping over a device
to control the state of the valve assembly and thus fluid
communication, the valve assembly itself is rotated within a
device. Ballast tanks in a floating or land vehicle might be
selectively connected to one another or disconnected from
one another using valve assemblies according to the present
disclosure. Still other applications lie in the field of indus-
trial processes where fluid communication between fluid
chambers is desired to be selectively controlled.

Referring now to FIG. 3, there is shown a sectioned view
through valve assembly 40 illustrating additional features. It
can be seen from FIG. 3 that each of compound valves 48
and 50 includes a primary valve member 56 and 58, respec-
tively, and a secondary valve member 60 and 62, respec-
tively. Valve body 42 further defines a plurality of primary
valve seats 52 and 54 positioned in series fluidly between
first port 44 and second port 46, such that blocking of either
of primary valve seats 52 and 54 blocks fluid communica-
tion between first and second ports 44 and 46. A passage 64
extends through valve body 42, and through valve seats 52
and 54. An arrow 65 illustrates fluid communication all the
way through valve body 42. Each primary valve member 56
and 58 is movable between a closed position blocking one
of primary valve seats 52 and 54 and an open position. Each
of primary valve members 56 and 58 further defines a
secondary valve seat 66 and 68, respectively. Each of
secondary valve members 60 and 62 is movable between a
closed position blocking one of secondary valve seats 66 and
68, and an open position. Each primary valve member 56
and 58 further defines an orifice 74 and 76, respectively,
which orifice is blocked or open depending upon whether
the corresponding secondary valve is in contact with and
sealing the corresponding secondary valve seat. Referring
also now to FIG. 4, there is shown a disassembled view of
valve assembly 40, illustrating a first valve body piece 82
and a second valve body piece 84. When assembled, each of
primary valve members 56 and 58 is clamped between first
and second body pieces 82 and 84 and deformable between
the corresponding closed and open positions, as will be
further apparent from the following description. In the
illustrated embodiment, and identified via reference numer-
als 70 and 72, each of the plurality of compound valves 48
and 50 further includes a stop 70 and 72, respectively,
spaced a fixed distance from the corresponding secondary
valve seat 66 and 68, and contacted by the corresponding
secondary valve member 60 and 62 at its open position.
Each of compound valves 48 and 50 may further include a
cage 78 and 80 attached to the corresponding primary valve
member and including the stop 70 and 72, respectively. Each
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of secondary valve members 60 and 62 may include a ball
valve contained within a corresponding one of cages 78 and
80, as shown. It can be seen that cages 78 and 80 will snap-fit
into engagement with the deformable material of primary
valve members 56 and 58 in the illustrated embodiment, but
could be attached by other means such as threads.

It can also be seen from FIG. 4 that primary valve
members 56 and 58 are formed as an integral piece 90. Piece
90 forms a compound diaphragm valve with a first seating
side 92, and an opposite seating side 94. An equalizing
orifice 86 and 88 is formed by each of primary valve
members 56 and 58, respectively, and communicates
between sides 92 and 94. In alternative embodiments, each
of valve members 56 and 58 might be formed as separate
pieces. Each of primary valve members 56 and 58 may also
be understood as a diaphragm valve member, but might be
a different type of valve, such as potentially a disc valve,
non-deformable, in other embodiments. Each of secondary
valve members 60 and 62 might also be designed differently,
and instead of a ball valve or the like seating against a
spherical valve seat, could include a poppet valve seating
against a conical valve seat, a pin or rod type valve, or still
another design. As discussed above, flipping over valve
assembly 40 enables the movement of compound valves 48
and 50 to control fluid communication in the manner dis-
cussed herein. In a practical implementation strategy, each
of secondary valve members 60 and 62 is freely movable
under the force of gravity within the corresponding cage 78
and 80 so as to move between its closed and opened
positions in response to flipping over valve body 42. In other
embodiments, biasing springs or potentially even electrical
actuators or the like could be incorporated into the design to
various ends. Each of secondary valve members 60 and 62
may have sufficient mass to induce deformation, such as
elastic deformation, of primary valve members 56 and 58
between their closed and open positions. In a practical
implementation strategy, housing pieces 82 and 84 may be
molded plastic, diaphragm piece 90 may be molded rubber
or rubber-like material, and secondary valve members 60
and 62 may be metallic. Cages 78 and 80 may also be
molded plastic or rubber or rubber-like materials. In the
illustrated embodiment, a total of two primary valve mem-
bers and a total of two secondary valve members, are
provided, however, in alternative embodiments additional
compound valves could be positioned within a fluid flow
path between ports so as to control fluid communications
therebetween.

INDUSTRIAL APPLICABILITY

Referring to the drawings generally, but in particular now
to FIG. 5, there is shown valve assembly 40 as it might
appear having been flipped over from the orientation shown
in FIG. 3. With valve assembly 40 flipped over, secondary
valves 60 and 62 can fall under the force of gravity and seat
upon valve seats 66 and 68, covering orifices 74 and 76. The
weight of secondary valves 60 and 62 also bears down upon
primary valve members 56 and 58, giving them a tendency
to deform and move toward seats 52 and 54.

Referring now to FIG. 6, primary valves 56 and 58 have
moved to their closed positions, such that seats 52 and 54 are
blocked, and fluid communication between ports 44 and 46
is closed. In the illustrated embodiment, a web 97 and 99 of
each of primary valves 56 and 58 makes sealing contact with
seats 52 and 54. In alternative embodiments, the particular
contact pattern might be different, for instance a different
part of primary valves 56 and 58 than a web or the like might
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perform the sealing function. The state depicted in FIG. 6,
fluid communication through equalizer orifices 86 and 88 as
depicted via arrows 165, provides incoming fluid pressure
urging compound valves 48 and 50 down so that the sealing
against seats 52 and 54 is further enhanced. This is generally
due to incoming pressure from the sides being higher than
pressure that is in the space under the seated primary valve
members 56 and 58. It can readily be seen that in an
inflatable cushion or the like, a person lying on the cushion
by virtue of their body weight will increase the fluid pressure
as depicted via arrows 165.

Referring now to FIG. 7, with valve assembly 40 flipped
back over, secondary valves 60 and 62 fall off their seats
under the force of gravity, and enable fluid flow, as shown
via arrows 265, past seats 66 and 68. With secondary valve
members 60 and 62 trapped in cages 78 and 80, primary
valve members 56 and 58 are now free to fall into their fully
opened positions, unblocking seats 52 and 54, and re-
establishing fluid communication between ports 44 and 46.

The present description is for illustrative purposes only,
and should not be construed to narrow the breadth of the
present disclosure in any way. Thus, those skilled in the art
will appreciate that various modifications might be made to
the presently disclosed embodiments without departing from
the full and fair scope and spirit of the present disclosure.
Other aspects, features and advantages will be apparent upon
an examination of the attached drawings and appended
claims.

What is claimed is:

1. A valve assembly for controlling fluid communication
between a first fluid chamber and a second fluid chamber
comprising:

a valve body having formed therein a first port and a
second port for fluidly connecting to the first and
second fluid chambers, respectively, and defining a
plurality of primary valve seats positioned in series
fluidly between the first and second ports;

a plurality of compound valves positioned within the
valve body and each including a primary valve member
movable in a travel direction from a closed position
blocking one of the primary valve seats, to an open
position, and a secondary valve member; and

each of the primary valve members defining a secondary
valve seat, and each of the secondary valve members
being movable in the travel direction from a closed
position blocking the corresponding secondary valve
seat, to an open position.

2. The valve assembly of claim 1 wherein each of the
plurality of compound valves defines an axis of reciproca-
tion common to the corresponding primary valve member
and secondary valve member.

3. The valve assembly of claim 1 wherein the valve body
includes a first body piece and a second body piece, and each
of the primary valve members is clamped between the first
and second body pieces and deformable between the corre-
sponding closed and open positions.

4. The valve assembly of claim 3 wherein each of the
primary valve members includes a diaphragm valve mem-
ber.

5. The valve assembly of claim 4 including a total of two
primary valve members, and the total of two primary valve
members being formed integrally as a single piece.

6. The valve assembly of claim 1 wherein each of the
primary valve members includes a seating side and an
opposite side, and defines an equalizing orifice communi-
cating between the seating and opposite sides.
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7. The valve assembly of claim 1 wherein each of the
secondary valve members includes a ball valve.

8. A valve assembly for controlling fluid communication
between a first fluid chamber and a second fluid chamber
comprising:

a valve body having formed therein a first port and a
second port for fluidly connecting to the first and
second fluid chambers, respectively, and defining a
plurality of primary valve seats positioned in series
fluidly between the first and second ports;

a plurality of compound valves positioned within the
valve body and each including a primary valve member
movable between a closed position blocking on of the
primary valve seats, and an open position, and a
secondary valve member; and

each of the primary valve members defining a secondary
valve seat, and each of the secondary valve members
being movable between a closed position blocking the
corresponding secondary valve seat, and an open posi-
tion;

wherein each of the plurality of compound valves defines
an axis of reciprocation common to the corresponding
primary valve member and secondary valve member;
and

wherein each of the plurality of compound valves further
includes a stop spaced a fixed distance from the cor-
responding secondary valve seat and contacted by the
secondary valve member at its open position.

9. The valve assembly of claim 8 wherein each of the
plurality of compound valves further includes a cage
attached to the corresponding primary valve member and
including the stop, and wherein each of the secondary valve
members includes a ball valve contained within a corre-
sponding one of the cages.

10. The valve assembly of claim 9 wherein each of the
ball valves is freely movable under the force of gravity
within the corresponding cage so as to move between its
closed and open position in response to flipping over the
valve body.

11. A multi-chamber inflatable device comprising:

an inflatable body defining a first fluid chamber and a
second fluid chamber;
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a valve assembly positioned at least partially within the
inflatable body, the valve assembly including a valve
body having formed therein a first port fluidly con-
nected to the first fluid chamber, and a second port
fluidly connected to the second fluid chamber, and
defining a plurality of primary valve seats positioned in
series fluidly between the first and second ports;

the valve assembly further including a plurality of com-
pound valves positioned within the valve body and
each including a primary valve member movable
between a closed position blocking one of the primary
valve seats and an open position, and a secondary valve
member; and

each of the primary valve members defining a secondary
valve seat, and each of the secondary valve members
being movable between a closed position blocking one
of the secondary valve seats, and an open position.

12. The device of claim 11 wherein each of the primary
valves is deformable between the closed and open positions,
and each of the secondary valves is coupled to the corre-
sponding primary valve and sufficient in mass to induce the
deformation in response to flipping over the inflatable body.

13. The device of claim 11 wherein the inflatable body
includes a cushion, and each of the first and second fluid
chambers includes a cell within the cushion.

14. The device of claim 13 wherein the inflatable body
includes an upper surface and a lower surface, and the valve
assembly has an orientation within the inflatable body where
the primary and secondary valves in each of the compound
valves are movable between their respective closed and open
positions along common axes extending vertically between
the upper surface and the lower surface.

15. The device of claim 11 wherein the valve assembly
includes a plurality of cages, and each of the secondary
valve members includes a ball valve movable within one of
the cages between the closed and open positions.

16. The device of claim 12 wherein each of the primary
valve members includes a diaphragm valve member.

17. The device of claim 13 wherein the valve assembly
includes two compound valves each having one primary
valve member, and the primary valve members being
formed as a single piece.
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